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ABSTRACT

Atlanthus altissima Swingle (Simaroubaceae), the tree of heaven, is characterized
by its vast pharmacological potential beside its rich and diverse phytochemical pro-
file. The plant leaves dry powder was extracted with 85% aqueous methanol and
the crude extract was then fractionated in sequence with petroleum ether, methyl-
ene chloride, ethyl acetate and n-butanol. The bioactive phytochemicals were sepa-
rated from the ethyl acetate and the n-butanol fractions through column chroma-
tography (CC) and quantified through HPLC-DAD. The chemical structure of the
isolated pure compounds was identified through UV-Vis, 'H-NMR, 3C-NMR and
TLC-MS spectroscopic analyses. The antioxidant activity of the pure compounds
was estimated through their scavenging potential of DPPH". Nine compounds were
isolated and structurally elucidated as corilagin, astragalin, ellagic acid, gallic acid,
isoquercetin, cynaroside, tellimoside, quercetin and luteolin. Ellagic acid, gallic
acid and corilagin exhibited potent antioxidant activity. Corilagin derived from A.
altissima can serve as potent natural antioxidant alternative.
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INTRODUCTION

Atlanthus altissima Swingle had been used in the Chinese folk medicine as a
remedy of many ailments such as cough, anemia, hemorrhage, diarrhea, dys-
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entery, hemorrhoids as well as other gastric and intestinal disorders. Further-
more, many recent reports evaluated the medicinal value of A. altissima which
was found to possess significant antimalarial, antiplasmodial, antiviral, anti-
leukemic, antimicrobial, anti-inflammatory, cytotoxic and analgesic activities
4, Many research concerned with studying the phytochemical constituents of
the various parts of A. altissima and evaluating their medical properties. Dif-
ferent phytochemicals were isolated, purified and identified from A. altissima
including quassinoids, alkaloids, sterols, terpenoids, flavonoids, phenolics,
volatile components and lignans 5,

Presently, there is a growing concern toward finding out new and effective
therapeutic compounds from natural resources, since they were found to pos-
sess equipotent pharmacological activities to the conventional synthetic drugs
producing minimal side effects and less toxicity . Plant derived natural prod-
ucts especially polyphenols are the best choice as they were reported to possess
multiple potent biological activities against pathogenesis of many degenerative
and chronic disorders *2.

Recently, the oxidative stress has been implicated in the induction of many
maladies such as cardiovascular disorders, cancer, rheumatoid arthritis and
neurological diseases. It occurs as a result of the disturbance of the oxidant-
antioxidant homeostasis within the body when the oxidants mainly reactive
oxygen species (ROS) exceeds the antioxidant defense ability of the body and
hence they attack the various cell components; lipid, protein and DNA caus-
ing severe and irreversible oxidative destruction to them 3 4. So that both the
natural and synthetic antioxidants play a vital role in the prevention of oxida-
tive stress mediated diseases through their scavenging ability of ROS. As many
recent researches discussed the toxicity and the side effects resulted from the
use of synthetic antioxidant beside their high manufacturing costs, it becomes
crucial to find out novel and potent antioxidants from natural sources *.

The aim of the current study was to separate, purify and quantify the major
chemical constituents in the two bioactive fractions derived from the metha-
nol extract of A. altissima leaves through combination of various chromato-
graphic techniques. Also, elucidation of the chemical structure of the isolated
pure compounds via different spectroscopic tools. Moreover, investigation of
the antioxidant potential of the isolated pure compounds via DPPH" scaveng-
ing activity.
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METHODOLOGY
Chemicals and reagents

DPPH (1, 1diphenyl-2-picryl hydrazyl radical) was purchased from Sigma-—
Aldrich (Steinheim, Germany); Organic solvents: methanol, petroleum ether
(60-80°C), ethyl acetate, n-butanol, methylene chloride, sulphoric acid, acetic
acid all were of analytical chemical grade obtained from El- Nasr pharmaceuti-
cal chemicals Co., Egypt; Adsorbents: Polyamide 6S (high purity grade) for col-
umn chromatography was purchased from Riedel-De Haén AG, Seelze-Hanno-
ver, Germany, Lipophilic sephadex LH-20, Silica gel 90 C , - reversed phase for
column chromatography and Readymade silica gel TLC cards (with fluorescent
indicator 254 nm, layer thickness 0.2 mm, 20 x 20 cm aluminum cards were
purchased from Sigma —Aldrich, Germany and Whatmann filter papers No. 1
and 3 mm for paper chromatography were purchased from England.

Plant material

The leaves of Ailanthus altissima were collected, in September 2017, from Or-
man Garden, Giza, Egypt. A plant specimen was identified by Mrs. Treaze Labib
(a consultant of plant taxonomy at Agriculture Ministry and the ex-director of
Orman Garden) and Mrs. Rehab Mohamed Eid (a botanist at Orman Garden
Herbarium). A voucher specimen (No. 198 AC) was deposited in Orman Garden
Herbarium. The collected fresh leaves were dried at ambient temperature away
from the sunlight and were then ground to fine powder using electric mixer.

Extraction and fractionation processes

The plant leaves dry powder (2 Kg) was extracted with 85% aqueous methanol
(7 L) at room temperature. The filtrate was further concentrated at reduced
temperature and pressure via rotary evaporator (BUCHI, Germany) and the
extraction process was repeated five times affording crude extract of uniform
weight with yield 23.50 %. The crude methanol extract (470 g) was successively
fractionated by partition using different organic solvents; petroleum ether, di-
chloromethane, ethyl acetate and n-butanol which were also evaporated under
vacuum till complete dryness yielding 2.41, 38.16, 63.62, 162.00 and 143.00 g
corresponding to petroleum ether, dichloromethane, ethyl acetate, n-butanol
and aqueous fractions, respectively. The ethyl acetate and the n-butanol frac-
tions derived from the methanol extract of A. altissima leaves possessed sig-
nificant antioxidant and cytotoxic potential which could be attributed to their
high content of phenolics and flavonoids 4 so that they were selected for sub-
sequent chromatographic isolation procedures in order to separate and purify
their active chemical constituents.
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Chromatographic isolation of phenolic compounds from bioactive
fractions

The ethyl acetate fraction (30 g) and the n-butanol fraction (50 g) were sepa-
rately loaded into column chromatography (4x91cm) filled with polyamide.
Elution was started with distilled water followed by gradient mixtures of water
and methanol till pure methanol. Similar fractions on PC and TLC were collect-
ed. Promising groups were re-chromatographed on sephadex LH-20, RP-C18
silica gel and preparative paper chromatography and their products were mon-
itored on PC and TLC. Four compounds were separated from the EtOAc frac-
tion; Compound 1 was eluted with 100% water while compound 4 was eluted
with 100% methanol. Compound 2 and 3 were eluted with 5-10% and 20-40%
methanol, respectively. All four compounds were purified through applying
over sephadex LH-20 except for compound 3 which was purified through pre-
parative PC, after first purification with sephadex, using 15% AcOH as eluent
system for PPC. Four other compounds were separated and purified from the
n-BuOH fraction. Also, these compounds were purified on sephadex LH-20
using gradient elution of aqueous methanol. Compound 9 was further purified
on RP-C18 after sephadex LH-20. The physical properties of each compound
including color and retention factor (R) in three different eluting systems were
detected. The used eluting systems were; 15% AcOH (S, PC), BAW (S, PC) and
EtOAc: MeOH: H O (8: 1: 1) (SS, TLC). Moreover, each compound was sub-
jected to UV, NMR and TLC-MS spectral analyses as well as HPLC-DAD analy-
ses to confirm its purity and detect its concentration in both the crude extract
and the fraction. The scheme of extraction, fractionation and chromatographic
separation is summarized in Figure 1.

l 2 kg, of Aifamthus alissima Jesves air dried powder J

[ - Successive extraction with §5% MeOH several times, 7L
[ Crude MeOH cxmact (470g, 23,50%) ]
[ - Sucoessive fractonaticn by partition with different organic solvents

| I I ]

1-Petroleum ether F. 2. Methylene chloride F. 3.EvDAcF. 4-nBoOHF. 5-H:OF.
(241g 0.12%) (35.16g, 1.91%) (63.62g, 3.18%) (162.00g, 8.10%) (143.00g, 7.15%)
30 g subjected to polyamide column chy greph using H:0 30 g subj oF coluzm rapby using
then HyOMeOH mixtures vtk decreasiag polarity H:0 then H:O/MeOH mixtares with decreasing polagity
" 'z ™y T} 1 2 F3 [ 5
100% H:0 | 5-10% MeOM | 70-40% MeOH | 100% MeOH 100% H:0 5-10% 10-20% 20-40% 40-60% MeOH
had hadex LH- sephadex MeOH MeOH MeOH
LH-20 20 LH-20 LH-20 Sephadex | Sephadex | Sephadex Sephadex Sephadex
followed by PPC LH-20 LH-20 LH-20 LH-20 LH-Z0 then RP-
CiCorilagin_ | CoQuercetin | CaKaemplerol-3- | CoEllagic acid c18
O-glscose CuGallic | Culuteclin | CuQuercetin- | Coiluteclin-7- | CaQuercetin-3-
acid 3-O-glueese | O-glucose O-galloyl
glucose

Figure 1. Schematic representation of extraction, fractionation and isolation of active
constituents from A. altissima leaves
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Equipment and conditions of spectroscopic analyses
NMR spectrometer

NMR spectrometer (Bruker Avance (III) NMR spectrometer, USA) 400MHz
for 'H NMR and 100 MHz for 3C NMR. All analyzed compounds were dissolved
in DMSO-d,. The chemical shifts of the compounds’ peaks were expressed in
6 opm and their coupling constants (J) were expressed in Hz. The spectra were
processed via MestReNova 6.0.2 software.

Thin layer chromatography hyphenated with mass spectrometer
TLC-ESI-MS

A readymade silica gel TLC card was prepared by loading the purified com-
pounds, previously dissolved in highly purified methanol, using clean capillary
tubes. The prepared card was then subjected to the TLC-MS apparatus (Ad-
vion compact mass spectrometer (CMS) NY, USA), at Nawah Scientific, which
eluted each spot, separately with methanol by the assistance of the pump that
is attached to the device at a flow rate of 10 uL,/min to 1 mL/min, into the ESI
mass spectrometer. The mass spectra were detected in the ESI (negative mode)
between m/z 100—1200. The peaks and the spectra were processed using the
CheMass and Advion Data Express software.

High performance liquid chromatography hyphenated with photo-
diode array detector (HPLC-DAD)

The methanol extract, the ethyl acetate, the n-butanol derived fractions as well
as the compounds isolated and purified from A. altissima fractions were dis-
solved in HPLC grade MeOH at known concentrations, filtered using a filter
membrane (pore size 0.45 um, Phenex, USA) and centrifuged for 5 min at
6000 rpm then injected to the HPLC apparatus; HPLC-DAD (LC-8A liquid
chromatography system hyphenated with SPD-M20A photodiode array detec-
tor Shimadzu, Kyoto, Japan) with LC solution software. The chromatographic
separation was performed through RESTEK (5 um) RP-C18 analytical column
(4.6x 150 mm) and the elution occurred at a flow rate of 1 mL/min. The solvent
system consisted of gradient mixtures of methanol (B) and acidified water with
0.1 % formic acid (A) starting with 5% B at 0—5 min, 5-35% B at 5—25 min,
35—40 % B at 25—49 min, 40—46 % B at 49—55 min, 46—80 % B at 55—56 min and
80-100 % B at 65—65 min. The eluate was monitored at 210 and 280 nm for
the detection of the major chemical constituents in the plant extract and both
fractions. The injection volume was 40 uL and the total run time was 65 min.
The R, and the area under the peaks corresponding to the purified compounds
were recorded and hence their concentrations were calculated in both the
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crude extract and the fraction from which they were separated. The column
was reconditioned for 10 min before each analysis. All chromatographic opera-
tions were carried out at room temperature.

Estimation of in vitro antioxidant potential
DPPH radical scavenging activity

The antioxidant potential of the purified compounds was evaluated through
their ability to neutralize DPPH" (1, 1diphenyl-2-picryl hydrazyl radical) which
is a stable dark purple radicle converts into yellow upon reduction. Different
concentrations of the pure isolated compounds (60—1.25 ug/mL) in metha-
nol were mixed with freshly prepared DPPH solution in methanol (0.09 mM)
in a ratio of 1:1 according to method described by . The reaction mixtures
were allowed to stand for 30 minutes in dark at room temperature then the
decrease in the optical density was measured at 517nm against blank. Ascorbic
acid (AA) was used as a positive control. The scavenging ability of the isolated
compounds toward DPPH" was calculated according to the following equation:
/A ) x100 where A is the

DPPH' scavenging activity % = (A ontrol ontrol
absorbance of the control solution containing methanol instead of test sample

control Asample

while A e 18 the absorbance of the isolated compound. The determinations

were carried out in triplicates and the results were expressed as SC_ which is
the concentration of the isolated compound required to reduce half of DPPH".

Statistical analysis

The statistical analyses were carried out using IBM SPSS Statistics (25) soft-
ware. The results were expressed as means + standard deviation (SD) and all
experimental analyses were performed in triplicate.

Spectroscopic data of the isolated pure compounds

Corilagin (1”-O-galloyl-3’’, 6’’-hexahydroxydiphenoyl-B-D-gluco-
pyranoside) (1): White powder (300 mg). Rf values: 0.56 (S)), 0.51 (S,) and
0.57(8)). Color UV dark purple. UV (MeOH): A__ 209, 268 nm. C, H,. 0, nega-
tive ESI-MS m/z 633 [M-H]"; MS? m/z 482 [M-H- galloyl moiety (152 amu)] -,
m/z 301 [M-H- galloylglucose (332 amu)]". "H NMR (400 MHz, d .. DMSO): §,,
9.05 (9H, brs, OH), 7.02 (2H, s, H-2"", 6"’), 6.57 (1H, s, H-3"), 6.50 (1H, s, H-3),
6.21(1H, d,J =7.2 Hz, H-1"""), 5.82 (1H, br s, H-3"’’), 4.60 (1H, s, H-4"""), 4.36
(1H,t,J = 8.1 Hz, H-5"""), 4.24 (1H, dd, J = 11.0, 7.8 Hz, H-6"""a), 3.95 (1H, dd,
J=10.7,8.8 Hz, H6'''b), 3.88 (1H, d, J = 7.3 Hz, H-2"'"). 3C NMR (100 MHz,
d,-DMSO): HHDP ¢, 167.62 (C-7), 167.24 (C-7"), 165.35 (C-7""), 146.00 (C-3",
5", 145.22 (C-4), 145.13 (C-6), 144.78 (C-4'), 144.44 (C-6"), 139.49 (C-4"),
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136.00(C-5), 135.83 (C-5"), 124.33 (C-2'), 123.62 (C-2), 119.16 (C-1'"), 116.24
(C-1), 115.91 (C-1"), 109.51 (C-2",6""), 107.49 (C-3), 106.50 (C-3"),92.73 (C-
1), 77.68 (C-5"""), 76.71 (C-3"""), 71.86 (C-2"""), 64.37 (C-6"""), 62.57 (C-4""").

Astragalin (kaempferol-3-O-B-D-glucopyranoside) (3): Green powder
(78 mg). Rf values: 0.57 (S), 0.78 (S,) and 0.58 (SS). Color UV dark purple.
UV (MeOH): A___(nm): 265, 348; NaOMe: 272, 325, 401; AlCL: 273, 303 Sh.
349, 398; A1C13/HC1: 271, 304", 348, 397; NaOAc: 274, 305", 368; NaOAc/
H,BO,: 265, 349. C,H O, negative ESI-MS m/z 447 [M-H] ™ ; MS® m/z 285
[M-H- hexose unit (162 amu)]” . 'H NMR (400 MHz, d,. DMSO): §,,12.63 (1H,
s, OH-5), 8.04 (2H, d, J = 8.5 Hz, H-2’, 6"), 6.89 (2H, d, J = 8.4 Hz, H-3, 5"),
6.41 (1H, d, 1H, H-8), 6.20 (1H, d, H-6), 5.46 (1H, d, J = 6.1 Hz, H-1""), 3.60-
3.10 (6H, m, H-2"",3",4"’, 5"’, 6’"). 3C NMR (100 MHz, dé_ DMSO0): 5, 177.88
(C-4), 164.72 (C-7), 161.66 (C-5), 160.41 (C-4"), 156.80 (C-2, 9), 133.76 (C-3),
131.35 (C-6"), 122.06 (C-1"), 115.60 (C-5"), 104.38 (C-10), 101.33 (C-1""), 99.18
(C-6), 94.04 (C-8), 77.94 (C-3"), 76.92 (C-5"), 74.55 (C-2"), 70.33 (C-4"),
61.38 (C-4"").

Ellagic acid (4): Green powder (200 mg). Rfvalues: 0.068 (S), 0.57 (S,) and
0.10(83). Color UV violet. UV (MeOH): A 253, 368 nm. C, ,H.Og, negative
ESI-MS m/z 301 [M-H]". 'H NMR (400 MHz, d,. DMSO): 6, 7.44(2H, s, H-5,
5').3C NMR (100 MHz, d .- DMSO0): §_159.32 (C-7, 7'), 148.26 (C-4, 4'),139.90
(C-3, 3’),112.46 (C-1,1"), 110.30 (C-5, 5"), 107.62 (C-6, 6').

Gallic acid (5): Yellow powder (38 mg). Rf values: 0.61 (S)), 0.89 (S,) and
0.80(83). Color UV violet. UV (MeOH): A__ 207, 271 nm. CH.O,, negative ESI-
MS m/z 168.90 [M-H] . 'H NMR (400 MHz, d .- DMSO): §,,6.92 (2H, s, H-2,
6); 3C NMR (100 MHz, d,- DMSO): §_168.20 (C-7), 146.01 (C-3, C-5), 138.61
(C-4), 121.14 (C-1), 109.36 (C-2, C-6).

Isoquercetin (Quercetin-3-O-f-D-glucopyranoside) (7): Yellow amor-
phous powder (13 mg). R, values: 0.54 (S), 0.76 (S,) and 0.55 (53)' Color UV
dark purple. UV (MeOH): A__ (nm) 256, 295", 354; NaOMe: 271, 325", 403;
AlClS: 273,303, 332, 433; A]ClS/HCI: 271, 301", 355, 401; NaOAc: 270, 320
$h375; NaOAc/ H_BO,: 265, 298 Sh_ 375, C,H,0,; negative ESI-MS m/z 463
[M-H] ~; MS*m/z 301 [M-H- glucosyl moiety (162 amu)]” and m/z 255 [M-H-
glucosyl- CO_-H]". *H NMR (400 MHz, d _DMSO): §, 12.63 (1H, s, OH-5), 7.59
(1H, dd, H-6"), 7.57 (1H, d, J = 2.0 Hz, H-2"), 6.85 (1H, d, J = 8.2 Hz, H-5"),
6.40 (1H, d, J = 1.5 Hz, H-8), 6.18 (1H, d, J = 1.6 Hz, H-6), 5.45 (1H, d, J = 7.2
Hz, H-1""), 3.58 (2H, d, J = 11.3 Hz, H-6""), 3.35 (1H, d, J = 4.3 Hz, H-2""), 3.32
(1H,d,J=4.7Hz,H-3""), 3.24 (1H, d, J = 5.2 Hz, H-4""), 3.09 (1H, s, H-5""). 3C
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NMR (100 MHz, d,- DMSO): §,177.81 (C-4), 165.07 (C-7), 161.61 (C-5), 156.83
(C-2), 156.66 (C-9), 148.97 (C-4"), 145.27 (C-3"), 133.71 (C-3), 122.06 (C-6"),
121.55 (C-1"), 116.60 (C-5"), 115.71 (C-2'), 104.25 (C-10), 101.35 (C-1""), 99.30
(C-6), 94.12 (C-8), 77.85 (C-3"), 76.87 (C-5""), 74.52 (C-2""), 70.28 (C-4"),
61.32 (C-6"").

Cynaroside (luteolin-7-O-B-D-glucopyranoside) (8): Yellow powder
(26 mg). R, values: 0.23 (S), 0.76 (S,) and 0.54 (Ss). Color UV dark purple.
UV (MeOH): A (nm) 255, 265%, 295, 349; NaOMe: 265, 300", 404; AlCI S
270, 301, 425; AlClS/HCI: 273, 370, 390; NaOAc: 255, 365, 400; NaOAc/
H3B03: 255, 371. C21H190u; negative ESI-MS m/z 447 [M-H] ~; MS*m/z 285
[M-H- glucosyl moiety (162 amu)] . 'H NMR (400 MHz, d.- DMSO): 5, 12.98
(1H, s, OH-5), 9.66 (1H, s, OH-3'), 7.45 (1H, dd, J = 8.3 Hz, H-6"), 7.42 (1H, d,
H-2"), 6.91 (1H, d, J = 8.3 Hz, H-5"), 6.79 (1H, d, H-8), 6.45 (1H, d, H-6), 5.08
(1H, d, J = 7.1 Hz, 1""-H), 3.73 — 3.17 (6H, m). *C NMR (100 MHz, d - DMSO):
9, 182.36 (C-4), 164.94 (C-7), 161.60 (C-5), 163.41 (C-2), 157.41 (C-9), 150.38
(C-4"), 146.24 (C-3’), 103.64 (C-3), 119.64 (C-6"), 121.86 (C-1), 116.46 (C-5"),
114.03 (C-2"), 105.81 (C-10), 100.36 (C-1'"), 100.01 (C-6), 95.20 (C-8), 77.63
(C-5"), 76.86 (C-3"), 73.59 (C-2"), 70.03 (C-4""), 61.09 (C-6"").

Tellimoside (quercetin-3-0-(6’’-0O-galloyl)-f-D-glucopyranoside)
(9): Brown powder (110 mg). Rfvalues: 0.43(8)), 0.80(S,) and 0.60 (SS). Color
UV dark purple. UV (MeOH): A (nm) 263, 295", 354; NaOMe: 273, 326, 408;
AlCL: 275, 304%, 420; AlCL /HCl: 270, 300, 401; NaOAc: 272, 380; NaOAc/
H,BO,: 265, 296%", 375. C,sH,.0, negative ESI-MS m/z 615 [M-H] ; MS*m/z
301 [M-H- glucosyl- galloyl moieties (314)] *'H NMR (400 MHz, d.- DMSO):
d,12.55 (1H, s, OH-5), 9.23 (4H, s, OH-3",3"", 4", 5"""), 7.58 (1H, dd, J = 8.5,
2.0 Hz, H-6"),7.44 (1H, d, J = 1.9 Hz, H-2'), 6.90 (2H, s, H-2""", 6’""), 6.73 (1H,
d,J=8.5Hz,H-5),6.38 (1H, d, J = 1.4 Hz, H-8), 6.19 (1H, d, H-6), 5.46 (1H, d,
J=7.1Hz, H-1""), 4.27(1H, d,J = 11.2 Hz, H-6"'b), 4.18 (1H, dd, J = 11.7, 4.1 Hz,
H-6""a), 3.43 - 3.30 (4H, m, H-2"",3"",4"",5""). ®*C NMR (100 MHz, d - DMSO):
d,177.74 (C-4), 166.17 (C-7""), 164.58 (C-7), 161.60 (C-5), 156.94 (C-2), 156.76
(C-9), 148.87 (C-4"), 145.86 (C-3",5""), 145.22 (C-3"), 138.85 (C-4""), 133.77
(C-3), 122.34 (C-6"), 121.42 (C-1"), 119.77 (C-1""), 116.22 (C-5), 115.74 (C-2"),
109.05 (C-2"",6""),104.35 (C-10), 101.73 (C-1""), 99.19 (C-6), 94.04 (C-8), 76.71
(C-3"), 74.68 (C-5""), 74.49 (C-2""), 70.01 (C-4""), 63.60 (C-6"").

Two aglycones were separated, purified and identified based on the UV-Vis
spectral analysis using different diagnostic shift reagents and co-PC, co-TLC
with authentic sample which are quercetin (2, 30 mg) and luteolin (6, 30 mg).
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Figure 2. Isolated compounds from A. altissima leaves

Table 1. Pure compounds isolated from A. altissima leaves, their retention time and
concentration in both methanol extract and derived fraction

Conc. Con.
Fraction Compound R(min) (mg)/(?révtl:?)OH (mg/g fraction)

s Corilagin 16.24 5.138 19.17
"§ Ellagic acid 32.61 0.55 5.96
;‘3 Astragalin 34.75 40.85 133.23
& Quercetin 45.58 0.20 15.51
- Gallic acid 7.31 68.96 26.86
'*% Tellimoside 24.12 19.29 20.744
T Cynaroside 26.16 3.62 1.73
% Isoquercetin 27.58 20.29 2.52
= Luteolin 51.01 0.15 0.18

Table 2. Pure compounds isolated from A. altissima leaves, their antioxidant potential via

DPPHe scavenging activity
Compound DPPH a(lgg:]);li;/amn:jclivity
Corilagin 4.91+0.032
Ellagic acid 2.26+0.027
Astragalin 11.28+0.044
Gallic acid 4.10+0.059
Tellimoside 9.52+0.036
Cynaroside 19.83+0.058
Isoquercetin 31.83+0.302
Ascorbic acid 6.44:0.03

The results are represented as mean of three analyses + SD
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Table 3. Biological properties of compounds isolated from A. altissima leaves

Cpd Biological properties Ref
Antimicrobial, antitumor, anti-inflammatory, antidiabetic, 17
Corilagin antihypertensive, hepatoprotective, neuroprotective, cardiovascular
protective
Ellagic acid Anti-allergic, anti-atherosclerotic, cardioprotective, hepatoprotective, 18
g nephroprotective, antitumor, neuroprotective
Astragalin anti-inflammatory, neuroprotective, cardioprotective, antiobesity, 19
g anti-osteoporotic, anticancer, antiulcer, antidiabetic
Anticancer, anti-inflammatory, cardiovascular protective, 20
Gallic acid | neuroprotective, antimicrobial, antiobesity, antidiabetic, hypolipidemic,
gastroprotective
Tellimoside lipid peroxidation inhibitor 2
Cynaroside Anticancer, antimicrobial, anti-leishmanial, anti-inflammatory 2.2

Anti-inflammatory, anticancer, cardioprotective, antidiabetic, e

| reetin . . ' L
soquerce anti-allergic, neuroprotective, antiviral

RESULTS AND DISCUSSION

Nine compounds were chromatographically isolated and purified from A. altissi-
ma leaves; four compounds from the ethyl acetate and five other compounds
from the n-butanol fraction derived from the methanol extract of A. altissima
leaves. Their chemical structures were elucidated based on the collection of dif-
ferent spectroscopic data and their comparison with the previously published
one. Compound 1 was isolated as white powder that appeared as a dark purple
spot on PC that did not change on spraying with AICl,.The deprotonated mol-
ecule ion [M-H] ~ appeared in the negative ion mode ESI-MS spectrum at m/z
633 which is consistent with the molecular formula of C,H,0,, The molecule
ion was further fragmented producing two MS? fragment ions at m/z 482 due
to loss of galloyl moiety (152 amu) and at m/z 301 due to loss of galloylglucose
(332 amu) which is a characteristic fragmentation pattern of ellagitannins 7.
The '"H NMR spectrum (d,- DMSO) displayed three singlet signals in the aro-
matic region; two singlets assigned for the two aromatic protons (3’, 3-H) of
hexahydroxydiphenoyl (HHDP) which resonate at 8, 6.50 and 6.57 ppm, re-
spectively and one sharp singlet at 8, 7.02 ppm for the 2" and 6’” aromatic pro-
tons of galloyl moiety. Moreover, seven signals were observed for the protons
of glucosyl unit; two singlets at §,, 5.82 and 4.60 ppm due to protons attached
to C ., C,., two doublets at 3,; 6.21 and 3.88 ppm due to protons attached to
C .., C,. with coupling constant 7.2 and 7.3 Hz, respectively, pair of doublet of
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doublet that resonate at 8, 4.24 and 3.95 ppm due to protons attachedto C .,
C,.,, with coupling constant 11.0, 7.8 and 10.7, 8.8 Hz, respectively and finally
-H with coupling constant 8.1 Hz. The 3C
NMR spectrum of compound 1 in d,- DMSO exhibited 25 signals, 14 signals for

1244

one triplet signal at 8,4.36 ppm for 5

the carbons of two benzene rings of HHDP, 6 signals for the glucose moiety and
5 signals for the gallic acid unit. Furthermore, the signals at o, 167.62, 167.24
and 165.35 are indicative to the three carbonyl groups of the two benzoyl units
of HHDP and that of the galloyl moiety, respectively. Based on the chromato-
graphic and spectral analyses as well as the reported data, compound 1 was
identified as corilagin 229, Corilagin was previously separated from A. altissima
fruit & but it is the first time to be reported from the plant leaves.

Compound 2 was isolated as yellow amorphous powder that appeared on PC
as a yellow spot that remained yellow on spraying with AICl, and was identi-
fied as quercetin based on the UV-Vis spectral data, comparison with previous
literature and co-PC, co-TLC with authentic sample 3°. Quercetin was isolated
before from the leaves of A. altissima and A. excelsa (Roxb) 332, respectively.

Compound 3 was isolated as green powder that appeared as a dark purple
spot on PC that converted yellow on spraying with AICl,. The molecule ion peak
[M-H] ~appeared in the ESI-MS (negative mode) at m/z 447 which matched
with the molecular formula of C, H, O, . It was fragmented into a daughter
peak of m/z 285 [M-H-162] ~which indicated the loss of hexose unit The *H
NMR (DMSO-d,) exhibited two doublets at 8, 6.20, 6.41 corresponding to 6-H,
8-H, respectively and one singlet at 8, 12.63 ppm corresponding to 5-OH. Two
doublets appeared in the HNMR at 6, (ppm) 6.89 (d, J = 8.4 Hz, 2H) and 8.04
(d, J = 8.5 Hz, 2H) corresponding to two pairs of ortho coupled aromatic pro-
tons (3’, 5-H and 2’, 6’-H, respectively). The anomeric proton of the glycosyl
unit appear as doublet at 8, 5.46 ppm with coupling constant 6.1Hz while the
rest protons of the sugar unit appeared as multiplet in the aliphatic region at
d,; 3.60-3.10 ppm. The carbon signals of the aglycone part matched with the
spectral literature of kaempferol. Moreover, the carbon signals of the sugar
unit confirmed that it is O-B-D-glucopyranoside. The downfield shift of both
C-, and C-, as well as the upfield shift of C-, proved that the glucose unit is
attached to 3-OH of kaempferol aglycone. Based on the mentioned data and
reported spectral analyses, Compound 3 was identified as astragalin 3335, As-
tragalin was previously isolated and identified from A. altissima leaves 3.

Compound 4 was isolated in the form of green powder that appeared as a
violet spot on PC that did not change on spraying with AICL. The '‘H NMR of
the compound dissolved in DMSO-d, exhibited one singlet signal at o, 7.44
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ppm which is corresponding to two symmetrical aromatic protons. The 3C
NMR of the compound in DMSO-d, showed seven signals; one at § 159.32
ppm corresponding to carbonyl carbon that appears down fielded due to a,
B-unsaturated 8 lactone, the six rest signals are for five aromatic quaternary
carbons and one aromatic methine carbon at § 148.26, 139.90, 136.47, 112.46,
107.62 and 110.30, respectively. Its deprotonated molecular ion peak [M-H] ~
appears at m/z 301 in the negative mode of ESI-MS) which is consistent with
the molecular formula of C H_O,. From the supposed molecular formula and
the 'H and 3C NMR spectral data the compound was identified as ellagic acid
which is known by having C, plane of symmetry that divides the structure into
two typical halves each is consisted of seven carbons, primed and unprimed
carbon atoms in each half, have the same chemical shift. This data was in com-
plete agreement with the previously published data by 2¢. Ellagic acid was one
of the phenolic acids existed in the leaves of A. altissima #.

Compound 5 was obtained as yellow powder that appeared as a violet spot
on PC which converted into dark violet on spraying with AlCL,. The molecular
ion peak appears at [M-H] ~ appears at m/z 168.90 in the ESI-MS (negative
mode) which is conformity with the molecular formula of CH,O.. The 'H NMR
spectrum (DMSO-d,) exhibited sharp singlet signal at 6 6.92 ppm which re-
vealed the presence of two identical aromatic protons (H-2 and H-6). The 3C
NMR spectrum (DMSO-d,) showed five signals corresponding to seven aro-
matic carbon atoms that resonate at 8, (ppm); 109.36 (C-2, C-6), 121.14 (C-1),
138.61 (C-4), 146.01 (C-3, C-5) and 168.20 (C-7; carbonyl carbon). Compound
5 was identified as 3, 4, 5-trihydroxybenzoic acid (gallic acid) 38. Gallic acid
was previously reported in A. altissima leaves 35 and A. altissima root bark 3.

Compound 6 was isolated as brown powder that appeared on PC as dark
purple spot that turned yellow on spraying with AICl,. Compound 6 was identi-
fied as luteolin based on UV-Vis spectral data and comparison with published
literature 4°. Luteolin was previously reported in A. altissima leaves 3*4 and A.
excelsa (Roxb) leaves 32,

Compound 7 was obtained as yellow amorphous powder that appeared as a
dark purple spot on PC that turned yellow on complexing with AICI, spraying
agent. The deprotonated molecular ion peak [M-H] ~appeared in the negative
mode of ESI-MS at m/z 463 which is conformity with the molecular formula
of C, H,O,,. It was further fragmented into two molecule ions of m/z 301 [M-
H-162] ~ and 255 due to loss of glucosyl moiety (162 amu) and subsequent
loss of a proton and a carbon dioxide molecule [M-H-glucosyl- CO,-H] . The

'H NMR of the compound (DMSO-d,) showed a downfield singlet at §, 12.63
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ppm attributed to 5-OH. Two meta-coupled protons appeared as doublets at
&, 6.18 and 6.40 ppm with J 1.6 and 1.5 Hz corresponding to 6-H and 8-H.
Also, the three aromatic protons of ring B appeared forming an ABX system at
8, (ppm) 6.85 (d, J = 8.2 Hz, 1H, 5’-H), 7.57 (d, J = 2.0 Hz, 1H, 2’-H) and 7.59
(dd, 1H, 6’-H) which was overlapped with 2’-H. Moreover, a set of signals that
appeared in the region 8, 3.58- 3.09 ppm reflected the glycoside unit. The ano-
meric proton at 8, 5.45 ppm which appeared as doublet with J 7.2 Hz together
with the 3C NMR chemical shifts of sugar unit carbons revealed that the sugar
unit is O-f-D-glucopyranoside. The rest signals of 3C NMR were in complete
agreement with those of quercetin aglycone. The downfield shift of both C-,
and C-, and the upfield shift of C-, in comparison with the aglycone indicated
that the glucosyl moiety is attached to C-,. Compound 7 was identified as
isoquercetin 4>4 which was previously separated from A. altissima fruit® but it
is the first time to be reported in A. altissima leaves.

Compound 8 was separated as yellow powder that looked as a dark purple
spot on PC that converted yellow on spraying with AICl.. The deprotonated
molecular ion peak was exhibited at m/z 447 in the negative mode ESI/MS
spectrum so that the molecular formula was C, H O,,. It also showed a daugh-
ter ion peak at m/z 285 which suggested the loss of glucosyl unit (162 amu).
The 'H NMR (DMSO-d,) exhibited the signals of luteolin skeleton with down-
field shift of the two meta-coupled protons of ring A which resonated at §,
6.45 and 6.79 ppm for 6-H and 8-H, respectively revealing the glycosylation of
7-OH. A sharp singlet appeared at 6, 6.75 ppm corresponding to 3-H of ring C.
The presence of ABX system at &, (ppm) 6.91 (d, J = 8.3 Hz, 1H, 5’-H), 7.42 (d,
1H, 2’-H) and 7.45 (dd, J = 8.3 Hz, 1H, 6’-H), which was overlapped with 2’-H,
characteristic to disubstituted B-ring. The anomeric proton of sugar unit ap-
peared as doublet at §,; 5.08 ppm with coupling constant 7.1 Hz revealing that
the sugar unit is -D-glucoside. The *C NMR (DMSO-d,) displayed 21 signals
with characteristic carbonyl carbon, four oxygenated carbons and two olefinic
carbons at 8, (ppm); 182.36 (C-)), 163.41,103.64 (C-, and C-,), 164.94, 161.60,
150.38 and 146.24 for C-,C-,C-, and C-,» respectively. The downfield shift of
C-, and C- as well as the upfield shift of C-_ relative to the aglycone spectrum
confirmed the glucosylation of 7-OH. Compound 8 was identified as Cynaro-
side 4547 that was separated before from the leaves and branches of A. altissima
stand the leaves of A. excelsa (Roxb)32.

Compound 9 was isolated as brown powder that appeared as a dark purple
spot on PC that turned yellow on spraying with AlCl..The results of ESI-MS
spectrum (negative mode) indicated a molecular ion peak [M-H] ~ at m/z 615
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which is consistent with the molecular formula of C,(H, O,.. The molecule ion
was further fragmented producing a daughter ion at m/z 301 [M-H-314] ~due
to loss of glucosyl and galloyl moieties with 162 and152 amu, respectively. The
"H NMR spectrum (DMSO-d) displayed a sharp singlet at §,,6.90 ppm attrib-
uted to the two aromatic protons of galloyl moiety. Furthermore, five signals
were recorded in the aromatic region that were consistent with the skeleton of
quercetin 12.55 (s, 1H, 5-OH), 9.23 (s, 4H, 3’-OH), 7.58 (dd, J = 8.5, 2.0 Hz, 1H,
6’-H), 7.44 (d,J = 1.9 Hz, 1H, 2’-H), 6.73 (d, J = 8.5 Hz, 1H, 5’-H), 6.38 (d, J =
1.4 Hz, 1H, 8-H) and 6.19 (d, 1H, 6-H). It also had a distinct doublet at §,5.46
ppm with J 7.1 Hz which is characteristic for the f-anomeric proton of glucose
unit that is attached to C-, of quercetin. Also, a doublet at 4.27 ppm with J 11.2
Hz and a doublet of doublet at 4.18 ppm with J 11.7 and 4.1 Hz reflected the
two protons of glucose methine group whose hydroxyl group is esterified with
gallic acid. The rest protons of glucose unit appeared as a multiplet in the re-
gion from 3.43 to 3.30 ppm. The **C NMR spectrum (DMSO-d ) contained 26
signals corresponding to 28 C- atoms; 15 carbons for the quercetin nucleus, 6
carbons for the glucosyl moiety and 5 carbons for the galloyl unit. The chemical
shift of all signals is in complete agreement with reported data. The downfield
shift of C-,, of glucose unit to 63.60 ppm and the upfield shift of its adjacent
C-_. to 74.68 from their normal positions proved that the galloyl moiety is at-
tached to the hydroxyl group of C-,, of glucose. Also, the downfield shift of the
ortho carbon atoms (C-, and C—4) t0 156.94 and 177.74 ppm, respectively as well
as the upfield shift of C-, of aglycone to 133.77 ppm indicated that the glucosyl
unit is attached to the hydroxyl group at C-,. Compound 9 was identified as

tellimOSide 48, 49including the hitherto unknown flavonoids, kaempferol 3-O-B-(6"-galloylglucopyranoside that was

previously reported in A. altissima leaves 5 and A. altissima fruit 8.

HPLC-DAD analysis was used to obtain a phytochemical profile of the methanol
extract of A. altissima leaves, to confirm the purity of the isolated compounds
and to identify their concentration in both the crude extract and the fraction
from which they were isolated by knowing their retention time and the area
under the peak in the obtained chromatograms hence the concentration of the
injected pure samples as well as the crude extract and the fractions were known.

HPLC-DAD analyses of the crude extract and the pure isolated compounds were
represented in table 1. Corilagin (200 ug/mL) was found at 16.24 min and its
concentration in the crude extract and the ethyl actate fraction could be 5.138
mg/g and 19.17 mg/g, respectively. Ellagic acid (200 ug/mL) was found at 32.61
min and its concentration in the crude extract and the ethyl actate fraction could
be 0.55 mg/g and 5.96 mg/g, respectively. Astragalin (1 mg/mL) was found at

Acta Pharmaceutica Sciencia. Vol. 61 No. 3, 2023 | 227



34.75 min and its concentration in the crude extract and the ethyl actate frac-
tion could be 40.85 mg/g and 133.23 mg/g, respectively. Quercetin (1 mg/mL)
was found at 45.58 min and its concentration in the crude extract and the ethyl
acetate fraction could be 0.20 mg/g and 15.51 mg/g, respectively. Gallic acid (1
mg/mL) was found at 7.31 min and its concentration in the crude extract and
the n-butanol derived fraction could be 68.96 mg/g and 26.86 mg/g, respective-
ly. Tellimoside (1 mg/mL) was found at 24.12 min and its concentration in the
crude extract and the n-butanol fraction could be 19.29 mg/g and 20.74 mg/g,
respectively. Cynaroside (1 mg/mL) was found at 26.16 min and its concentra-
tion in the crude extract and the n-butanol fraction could be 3.62 mg/g and
1.73 mg/g, respectively. Isoquercetin (1 mg/mL) was found at 27.58 min and
its concentration in the crude extract and the n-butanol fraction could be 20.29
mg/g and 2.52 mg/g, respectively. Luteolin (1 mg/mL) was found at 51.01 min
and its concentration in the crude extract and the n-butanol derived fraction
could be 0.15 mg/g and 0.18 mg/g, respectively. The UV spectrum of each pure
compound was also recorded which was in complete agreement with our previ-
ous UV-analyses and the previously reported data. According to the previously
mentioned data, the most abundant phytochemicals in the ethyl acetate fraction
are astragalin followed by corilagin and in the n-butanol fraction are gallic acid
followed by tellimoside. Furthermore, the most predominant phytochemicals in
the crude methanol extract are gallic acid followed by astragalin.

The antioxidant potential of the isolated pure compounds was also evaluated
through DPPH" scavenging technique. The results were presented in table 2.
Ellagic acid exhibited the most potent antiradical activity followed by gallic
acid and corilagin with IC,, values of 2.26+0.027, 4.10£0.059, 4.91+0.032 ug/
mL against DPPH", respectively which were stronger than ascorbic acid that
scavenged DPPH" with IC_, value of 6.44+0.03 1ig/mL. The potent antioxidant
potential of the ethyl acetate derived fraction could be attributed to its richness
with ellagic acid and corilagin as well as astragalin which existed in consider-
able amount (133.23 mg/g fraction) and exhibited strong antioxidant activity
(IC,, = 11.28+0.044 ug/mL). The strong antioxidant activity of the n-butanol
derived fraction could be attributed to its content of gallic acid. Both ellagic
acid and corilagin could be good candidates as potent natural anti-oxidative
drugs against oxidative stress induced disorders. In addition to the antioxidant
activity, the isolated phytochemicals were previously reported to possess many
biological potential that are summarized in table 3 7-2°. These versatile activi-
ties provide more evidence for the suitability of the plant derived natural prod-
ucts to serve as drugs and/or drug leads in the treatment of many maladies but
more investigations for their pharmacological effects are required first.
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